
Constraining Quark 
Transversity through Collins 
Asymmetry Measurements 
in p↑p Collisions at STAR

Robert Fersch
University of Kentucky

for the               CollaborationSTAR

Presentation for DIS2011 in 
Newport News, Virginia



Partonic Spin Distributions

Parton Degrees 
of Freedom 

at Leading Twist



Partonic Spin Distributions

Parton Degrees 
of Freedom 

at Leading Twist

 δq part of a complete spin-density matrix rep. of the proton

Transversity δq



Partonic Spin Distributions

Parton Degrees 
of Freedom 

at Leading Twist

• δq is chiral odd ∴ requires chiral odd hadron 
fragmentation ΔDhq | δq⊗ΔDhq is even

• δq correlates left- and right-handed quarks        
(qL ↔ qR), unlike helicity

• δq measurement requires transversely 
polarized beams/targets for precise statistics

• δq ≠ ∆q due to relativistic effects

 δq part of a complete spin-density matrix rep. of the proton

Transversity δq



Partonic Spin Distributions

Parton Degrees 
of Freedom 

at Leading Twist

• δq is chiral odd ∴ requires chiral odd hadron 
fragmentation ΔDhq | δq⊗ΔDhq is even

• δq correlates left- and right-handed quarks        
(qL ↔ qR), unlike helicity

• δq measurement requires transversely 
polarized beams/targets for precise statistics

• δq ≠ ∆q due to relativistic effects

Global Fit of Data:
Anselmino M et al. 2009 Nucl.Phys.Proc.Suppl. 191:98-107

 δq part of a complete spin-density matrix rep. of the proton

Transversity δq



Partonic Spin Distributions

Parton Degrees 
of Freedom 

at Leading Twist

• δq is chiral odd ∴ requires chiral odd hadron 
fragmentation ΔDhq | δq⊗ΔDhq is even

• δq correlates left- and right-handed quarks        
(qL ↔ qR), unlike helicity

• δq measurement requires transversely 
polarized beams/targets for precise statistics

• δq ≠ ∆q due to relativistic effects

Global Fit of Data:
Anselmino M et al. 2009 Nucl.Phys.Proc.Suppl. 191:98-107

Soffer bound

Soffer bound

Soffer bound:

 δq part of a complete spin-density matrix rep. of the proton

Transversity δq



Measurement of left-right π asymmetry AN
in p↑p→πX reactions

STAR Publication: 
PRL 101, 222001 

(2008)

Experimental Access to Transversity



Measurement of left-right π asymmetry AN
in p↑p→πX reactions

STAR Publication: 
PRL 101, 222001 

(2008)

Experimental Access to Transversity

TMD (Transverse 
Momentum 

Dependence)
implied by high xF 

resultsCombined in AN due to
Collins-Sivers mixing



Measurement of left-right π asymmetry AN
in p↑p→πX reactions

STAR Publication: 
PRL 101, 222001 

(2008)

Experimental Access to Transversity

Polarized 
Proton

u d
u

TMD (Transverse 
Momentum 

Dependence)
implied by high xF 

resultsCombined in AN due to
Collins-Sivers mixing



Measurement of left-right π asymmetry AN
in p↑p→πX reactions

STAR Publication: 
PRL 101, 222001 

(2008)

Experimental Access to Transversity

Polarized 
Proton

u d
u

TMD (Transverse 
Momentum 

Dependence)
implied by high xF 

resultsCombined in AN due to
Collins-Sivers mixing

δu(x)
Scattered quark

u



Measurement of left-right π asymmetry AN
in p↑p→πX reactions

STAR Publication: 
PRL 101, 222001 

(2008)

Experimental Access to Transversity

Polarized 
Proton

u d
u Jet of Particle-

Antiparticle
Pairs from parton 

collisions

PJET

TMD (Transverse 
Momentum 

Dependence)
implied by high xF 

resultsCombined in AN due to
Collins-Sivers mixing

δu(x)
Scattered quark

u



Measurement of left-right π asymmetry AN
in p↑p→πX reactions

STAR Publication: 
PRL 101, 222001 

(2008)

Experimental Access to Transversity

Sivers Effect:

e.g. STAR Publication: 
PRL 99, 142003 (2007)

initial state effect (asymmetry 
in dijet opening angle 

distributions; L-dependent)

Polarized 
Proton

u d
u Jet of Particle-

Antiparticle
Pairs from parton 

collisions

PJET

TMD (Transverse 
Momentum 

Dependence)
implied by high xF 

resultsCombined in AN due to
Collins-Sivers mixing

δu(x)
Scattered quark

u



Measurement of left-right π asymmetry AN
in p↑p→πX reactions

STAR Publication: 
PRL 101, 222001 

(2008)

Experimental Access to Transversity

Sivers Effect:

e.g. STAR Publication: 
PRL 99, 142003 (2007)

initial state effect (asymmetry 
in dijet opening angle 

distributions; L-dependent)

Polarized 
Proton

u d
u Jet of Particle-

Antiparticle
Pairs from parton 

collisions

PJET

πHadronization
(fragmentation function)

ΔNDu(z, jT)

z≡pπ / PJET
jT

TMD (Transverse 
Momentum 

Dependence)
implied by high xF 

resultsCombined in AN due to
Collins-Sivers mixing

δu(x)
Scattered quark

u



Measurement of left-right π asymmetry AN
in p↑p→πX reactions

STAR Publication: 
PRL 101, 222001 

(2008)

Experimental Access to Transversity

Sivers Effect:

e.g. STAR Publication: 
PRL 99, 142003 (2007)

initial state effect (asymmetry 
in dijet opening angle 

distributions; L-dependent)

Polarized 
Proton

u d
u Jet of Particle-

Antiparticle
Pairs from parton 

collisions

PJET

πHadronization
(fragmentation function)

ΔNDu(z, jT)

z≡pπ / PJET
jT

Collins Effect:  
final state effect (asymmetry

in hadron fragmentation; 
δq-dependent)

Φh

TMD (Transverse 
Momentum 

Dependence)
implied by high xF 

resultsCombined in AN due to
Collins-Sivers mixing

δu(x)
Scattered quark

u



Collins-Sivers Separation
Must move from inclusive 

pions to “jets” 



Collins-Sivers Separation
Must move from inclusive 

pions to “jets” 

left/right 
detectors

π0

ϒ

ϒ

“Inclusive” pion measurement; 
left-right asymmetry AN

π0

p p

S⊥



larger left/right 
detectors

π0

ϒ

ϒ π0
p p

S⊥

Azimuthal distribution of 
pions within “jet” measured

Collins-Sivers Separation
Must move from inclusive 

pions to “jets” 

left/right 
detectors

π0

ϒ

ϒ

“Inclusive” pion measurement; 
left-right asymmetry AN

π0

p p

S⊥



larger left/right 
detectors

π0

ϒ

ϒ π0
p p

S⊥

Azimuthal distribution of 
pions within “jet” measured

Collins-Sivers Separation
Must move from inclusive 

pions to “jets” 

left/right 
detectors

π0

ϒ

ϒ

“Inclusive” pion measurement; 
left-right asymmetry AN

π0

p p

S⊥

Φhjet





Proton-proton collisions up to 
√s = 500 GeV

Beam polarizations as high as 
~60% have been achieved (2006)

Beam luminosity 
~1031 s-1cm-2 (2006)



Proton-proton collisions up to 
√s = 500 GeV

Beam polarizations as high as 
~60% have been achieved (2006)

Beam luminosity 
~1031 s-1cm-2 (2006)

STAR(Solenoidal Tracker at RHIC)
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FPD (2003)
(Forward Pion Detector)

Forward-Angle Detectors

FPD++ (2006) FMS (present)
(Forward Meson Spectrometer)

lead-glass/PMT
detectors arranged 
in square cells

inner cell-module 
trigger (π0 ϒs)

Search area 
for deposited

energy
π0 identification:  |E1 − E2|/(E1+ E2) < 0.7 (+ lead photon energy-dependent          
        and rate-dependent corrections on reconstructed mass)
“jet-like” event: cluster of 10 (weighted) cells in live readout with
        pT>1.5 GeV, xF>0.23
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Kinematic Coverage  
Jets have full

 azimuthal (Φ) coverage 

pT

pT >10 GeV cut

10 GeV nominal pT cut on jets
is used as a tradeoff between statistics 
and gluon event contamination.

Coverage in terms of jT, z
(kinematic degreesof freedom within jet)

STAR
Preliminary
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Valence quark transverse spin distributions (δu(x,Q2) and δd(x,Q2)) in 
the proton are not well-constrained by experimental data due to the lim- 
ited amount of transverse data available to separate Collins and Sivers ef- 
fects. Data from the expanded Forward Pion Detector (FPD++) and the 
Forward Meson Spectrometer (FMS) at high pseudorapidity (2.0 < |η| < 4.0),
 in the Solenoidal Tracker at RHIC (STAR), enable reconstruction of 
“jet-like events” and π0 mesons in polarized p↑p → jet(π0) + X reactions. 
Measurement of the azimuthal distribution of π0 mesons in left-right scattering 
asymmetries allows separation of the Collins contribution from the 
analyzing power AN. Extension of this concept to midrapidity (|η| < 1.0) 
jets in STAR allows measurement of the Collins effect for π±, as well. 
Progress toward the extraction of these azimuthally asymmetric distribu- 
tions with respect to the jet momentum axis for ⟨x⟩~0.2 will be shown. 
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EXTRA SLIDES:
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